to assess the effect of exposure on lubrication properties.
Anodic Thermal Control Coatings
As has been discussed in previous papers, anodic coatings were selected for the MDA Space Station 
SAMPLE DESCRIPTION
All MDA EOIM-3 samples were vacuum-baked prior to installation into sample carder trays.
Lubricant Samples
Five different solid film lubricants were studied in this test. The sample set is described in Table 1 . 
Anodic Samples
The anodic thermal control coating samples and pre-flight data are listed in The symbol (S) denotes samples flown with a mesh screen cover. facility. The temperature-controlled 1 l-liter lead tank was used as the cathode. The anodizing procedure for the anodized samples is shown in Table 3 .
TEST DESCRIPTION
The EOIM-3 Mission flew on the 31 July 1992 STS-46 flight, which orbited at an altitude of 230 km (124 nautical miles) and an inclination of 28.5 deg from the equator. The experiment was deploxed on 6 August 1992 and was exposed for 42 hours. The exposure environment is described as follows: _ AO fluence = 2.3 x 1020 atom/cm 2 (annualized flux = 5 × 1022 atom/cm2-yr).
UV exposure = 25 equivalent sun hours.
Passive tray temperature = 10 to 50°C (50 to 120°F), with excursions to 80°C (176°F) prior to deployment.
MDA lubricant samples were located on the passive trays and on the 60°C (140°F) and 120°C (248°F) trays, as indicated in Table 1 affected layer using argon gas ions accelerated to 4 keV and scanned on the surface. At discrete intervals, etching was suspended and an analysis of the surface was conducted. Etch rates were developed by comparing etch time with the time required to etch through a 1000 A, thick layer of Ta205 on tantalum foil.
Because the etch rates of the lubricants could not be guaranteed to be similar to the Ta205 etch rates, etch depth is expressed as a factor of the etch depth on the lubricant control samples.
Anodic Coating Tests
The control, pre-flight, and post-flight anodic coating samples were measured for solar absorptance using the Gier-Dunkle Model MS251 Solar Reflectometer (referred to in this report as the MS251), and for infrared emittance using the Gier-Dunkle Model DB 100 Infrared Reflectometer (referred to in this report as the DB 100). The MS251 uses a xenon lamp with a 100-mm diameter integrating sphere and measures solar reflectance in a wavelength range of approximately 300 to 2000 nm. The DB 100 uses a rotating heated cavity with a hard black anodize coating which can measure infrared reflectance from 5 to 14 lam.
The control, pre-flight, and post-flight clear SAA samples and the control and post-flight cobalt sulfide dyed SAA samples were also measured for solar absorptance using the Perkin-Elmer Lambda 9 spectrophotometer (referred to in this report as the Lambda 9). The Lambda 9 uses tungsten and deuterium lamps with a 150-mm diameter integrating sphere and measures solar reflectance in a wavelength range of 250 to 2500 nm. Data from the Lambda 9 are analyzed using a technique to account for wavelengths smaller than 250 nm and larger than 2500 nm. The final result is expected to yield values closer to the "true" solar reflectance than the MS251.
Surface morphology and chemistry of control and post-flight samples were studied using SEM and EDX similar to that used for the lubricant samples.
RESULTS

Results of Lubricant Specimens
Lubricant 1
Comparison of the SEM photographs of the exposed and unexposed surfaces of the passive tray sample ( Figure  1) shows a "worm-eaten" preferential erosion of particular materials that is typical of the exposed material on all three tray samples. EDX analysis revealed no gross difference between materials in the eroded and non-eroded areas. EDX indicated that the eroded material was MoS2, but because the EDX was conducted at a high power, the analysis may have detected the material lying underneath the eroded material. Erosion appears to be slightly more extensive in the passive tray sample than in the heated tray samples ( Figure  lb and Figure 2 ).
There is a transition zone between the unexposed and the exposed areas on the two heated samples, which is evidenced by a light region on the SEM photographs. EDX analysis of these areas indicates a higher level of aluminum than in other areas, suggesting the lubricant had been rubbed off either by the sample carder or by other means. Otherwise, there is little discernible difference between the three specimens.
FrlR plots of the exposed and unexposed areas of the samples were too noisy to determine any significant difference. Table 5 contains the results of the depth analysis. The 120°C sample had the thickest oxygen layer. 
Lubricant 2
The only specimen of this lubricant was on the 120°C tray. The specimen had a screen installed over it. In the SEM photo (Figure 3 ), the exposed areas are distinctly lighter in shade than the unexposed areas.
SEM photos also show a semitransparent material, presumably the polyimide binder, on the unexposed surfaces ( Figure 4 ). The exposed samples appear to be missing this material. EDX analysis indicates no discernible difference in materials present in the unexposed and exposed areas.
FTIR analysis of the exposed and unexposed surfaces indicated no difference in binder concentration.
Lubricant 3
There is no discernible difference between the three tray samples in the SEM photographs. On all the samples, the exposed area is lighter than the unexposed area on all samples ( Figure 5 ). There is a semitransparent material, assumed to be the phenolic binder, on the unexposed surfaces. The exposed surfaces lack this material ( Figure 6 ). EDX analysis shows very little difference between the materials in the exposed and unexposed areas, and very little difference between the samples themselves. VI'IR analysis of the surfaces of each specimen indicates no distinguishable binder on the exposed surface of the 120°C specimen, slight indication of binder on the exposed surface of the 60°C specimen, and a stronger indication on the exposed surface of the passive sample (Figure 7 ).
Lubricant 4
There is no discernible difference between the three specimens in the SEM photographs. The exposed area is lighter than the unexposed area on all samples. There is a semitransparent material, assumed to be the phenolic binder, on the unexposed surfaces ( Figure  8a ). The exposed areas appear to have some binder left ( Figure 8b ). The binder that is left does not exhibit the preferential erosion observed on the Lubricant 1 samples. Rather, the exposed binder appears receded, indicating a uniform erosion of material. EDX of ESCA revealed trace amounts of silicone and fluorine on the samples. MoO3 was detected on all three samples. Table 6 shows the estimated amounts of MoO3 (as a percentage of the molybdenum detected) and the depth of the oxygen-affected layer. The highest concentration of MoO3 was found on the passive sample, followed by the 60°C and 120°C samples, but the thickest oxygen layer was found on the 120°C sample. • Expressed as a multi 31e of control sample oxygen layer depth.
Sample hocation Passive
Lubricant 5
There is little discernible difference between the unexposed and exposed areas of any of the samples in the SEM photographs. Each sample had bright, gray, and dark shaded regions on the SEM photographs ( Figure 9 ). The gray areas fill in between thin, long, dark features. White features are randomly scattered.
EDX analysis indicates that the bright and dark shades have high levels of aluminum, while the gray areas are high in tungsten and sulfur, leading to the conclusion that the gray areas are the air-impinged tungsten disulfide solid film lubricant. Stereo photographs indicate that the dark aluminum areas are physically lower than the lubricant. The passive sample had a screen placed over it. The shadow of the screen is barely visible ( Figure  10 ).
The 60°C specimen had the strongest shade contrast between the darker unexposed area and the lighter, exposed area. The areas are separated by a bright transition band (Figure 11 ). X-ray mapping of the transition indicates that neither an abundance nor a dearth of aluminum or tungsten is responsible for the transition.
Discussion of Lubricant Analyses
All the lubricants with binders experienced some form of erosion from exposure. The data did not indicate that temperature consistently influenced the amount of erosion experienced. SEM photographs revealed preferential erosion on discrete features on the inorganic binder lubricant, while the organic binder lubricants exhibited an even, recession-type erosion of the binder. The inorganic and organic binder lubricants had oxygen-affected layers of similar thickness. Surface MoO3 concentrations on the inorganic and organic binder lubricants were similar to each other and to the concentrations detected on the simulated LEO-exposed sputtered MoS2, even though the laboratory AO energy was lower and fluence higher than the EOIM-3 exposure (1.5 eV and 5 x 1024 atoms/cm 2 compared with 5 eV and 2 x 1020 atoms/ cm 2, respectively). 
Results of Anodic Coating Studies
The post-flight optical property results for the anodic coatings are shown in Figure 12 . The confinement of absorptance effects to this narrow wavelength range may be attributed to the presence of silicone, which was detected in a 4-keV beam energy EDX study of the 2219-T851 flight sample. In addition, the affected wavelength range includes wavelengths at which the incident energy from the sun has the highest potential to induce rupture of chemical bonds. 9 It is not clear from the data available why the 2219 substrate degraded more than the 7075 substrate. b. Absorptances measured using the MS251. Because of the lack of available manufacturing facilities with production cobalt sulfide dye capability, The cobalt-sulfidedyedSAA on 7075-T73aluminumdid not fadeduringflight exposure, but acquired a slight yellowish sheen, which wasnot observedon the groundAO sample.The absorptance increased by 0.08.The yellowishsheenon the 7075-T73sampleandthe increasein absorptance mayhavebeencaused by contamination. This explanationis supportedby the groundAO sampleexhibitingan increaseof only 0.03.The contamination appeared to havea greatereffect on cobaltsulfide dyedSAA on 7075-T73thanit hadon the non-dyedSAA on 2219-T851or 7075-T73. 
SUMMARY
